In a retrospective study of lymphomas in animals, tumors in 72 dogs, 8 I cats and 90 cows were classified on the basis of cell size (small, medium and large), nuclear cleavage (follicular center cells), and histologic architecture (nodular or diffuse). Each subtype was classified by age of animal at death. number of metastases, breed. and sex. As in man, nodular cleaved tumors are rare in animals, the cow having the most varied tumor types. There was one cleaved-cell tumor in 72 lymphomas in dogs, 23 of 8 I in cats, and 33 of 90 in cows. There were six nodular tumors of 72 in dogs. two of 81 in cats, and eight of 90 in cows. Fifteen of 16 nodular lymphomas had noncleaved cells and twelve had small or predominantly small cells. Cats with nodular lymphomas were older at death than cats with diffuse lymphomas. Nodularity was not associated with greater age at death in dogs and cows. Animals with cleaved-cell lymphomas were older at death than those with noncleaved tumors; this difference was highly significant in cows. The number of metastases was greater with nodular tumors in all three species, and was equal in cleaved and noncleaved tumors. The biological behaviour of lymphoid tumors in animals is similar to those in man when the same criteria of classification are used.
Lymphoma is an important disease of domestic animals. The incidence in dogs and cats has been estimated to be 24/ 100,00O/year and 4 1.6/ 100,00O/year respectively [4] . Lymphoma in cattle results in the condemnation of 14 animals per 100,000 slaughtered in North America [27] . Besides causing financial loss of domestic animals, lymphoid tumors may be a significant health problem in man [ 1, 5, 21, 22, 26] .
Many topographical and morphological classifications have been devised for lymphoid tumors in domestic animals [2, 9, 17, 18, 23, 24] . A system of classification is valid only if the cell type is constant and there is good correlation between the subdivisions and clinical prognosis. Previous classifications of lymphoma in animals have included an anatomic division into lymphomatosis characterized by generalized lymph node enlargement, and lymphosarcoma with regional node involvement and large tumor masses with local tissue invasion; and a cytologic division into tumors composed of small lymphocytes, of lymphoblasts, or of reticulum cells [9] . The lymphocytes were described as having round nuclei of various diameters, while reticulum cells typically had indented nuclear membranes. A further classification based on histologic architecture of tumors included the majority with diffuse archi-tecture; giant follicular lymphoma [9, 23] ; and reticulum cell sarcoma, where the tumor cells formed reticulin fibers [9, 181. Reticulum cell sarcoma (synonyms histiocytic and stem cell lymphoma) is characterized by large cells with a moderate amount of cytoplasm, irregularly shaped nuclei with thickened nuclear membranes, irregularly branched chromatin patterns, and prominent nucleoli [24] . Lymphoma and lymphocytic leukemia either have not been distinguished [3, 9] , have been considered to be different stages of the same disease [ 18,241, or have been clearly distinguished [2, 17,251. Lymphoid neoplasms have been classified on the basis of anatomical distribution where this has epidemiologic significance, as in cattle, with calf, juvenile, enzootic, and skin types [2, 3, 9] , and in the dog, where multicentric and alimentary, thymic, renal, and multicentric forms were found [2, 171. The existence of a Hodgkin's type of lymphoma in animals either has been guardedly accepted [ 17, 23, 28] , or was not found or believed not to occur [2, 24, 25] .
Correlation in man between histocytologic type of lymphoma and prognosis has been recognized by veterinary pathologists [24] , but generally no correlations of this kind have been identified in animals [2, 25] . The follicular lymphomas of man have been shown to have a better prognosis than those with diffuse architecture [8, 10-12, 19,201. In man, tumors composed of poorly differentiated cells have a shorter course than those composed of well-differentiated (small) cells [8] ; thus a diffuse lymphoma of large cells has a poorer prognosis than a nodular tumor of small cells. Nuclear cleavage represents a degree of differentiation that occurs in small, medium, or large lymphocytes, and suggests that the origin of the tumor cells is a germinal center or the bone marrow [13] . Lymphoma in man is characterized by a homogeneity of tumor cells and architectural type throughout the body and throughout the course of the disease [20] . This stability of cell type and its correlation with prognosis are prerequisites for histocytological typing of lymphoid tumors. More recently, the functional diversity of normal lymphoid tissues is being applied to the lymphomas by the addition of cytoplasmic and membrane markers to the criteria for classification
The purpose of this study was to classify, retrospectively, lymphoid tumors in the cat, dog, and cow on the basis of current concepts and to determine whether correlations could be drawn between histocytological type of tumor and anatomic distribution, breed incidence and age of animal at diagnosis or death. ~5 1 .
Materials and Methods
The cases for this study were from the Department of Pathology at Guelph from 1950 to 1974. All 72 dogs and 80 cattle with lymphoma were necropsied at Guelph. Of the 81 cats with lymphoma, 37 were referrals from veterinary practitioners and the rest were necropsied at Guelph.
The classification of lesions is as described [20] with minor modifications. Hodgkin's disease was excluded and the terms small, medium and large lymphocyte were substituted for welldifferentiated, poorly differentiated and undifferentiated cell types [ 131. The size designation refers to the size of the nucleus. A small lymphocyte has a nucleus slightly larger in diameter than a homologous red cell, and has densely packed chromatin with little intranuclear detail. Medium lymphocytes have a nuclear diameter equal to two red cells and have well-defined intranuclear detail. Large lymphocytes have nuclei three or more red cells in diameter, with well-defined internal detail. In dogs and cows, the proportions of small, medium and large lymphocytes were estimated. When 75% or more of the tissue area was composed of a single cell size, the tumor was diagnosed as that cell category [ 131. Tumors composed of less than 75% of a single cell size were diagnosed as mixed cell type (usually a combination of small and medium) [ 131. Lymphomas composed of small, medium and large lymphocytes were rare. In the cat, the proportions of tumor lymphocytes of each size were determined on a count of 200 cells.
If half or more of the lymphocytes had indented or folded nuclei, the lesion was diagnosed cytologically as cleaved cell [ 131. The criteria for differentiating follicular or nodular lymphoma from reactive follicular hyperplasia were as described [20] , and lesions were diagnosed as nodular lymphoma only if nodularity occurred in all areas of the tumor.
Differences between the group means were analyzed with Student's I test at the 95% level of significance. Since many animals with lymphoma are killed, the period between diagnosis and death cannot be used to determine differences in the rate of tumor progression between the various histocytological types of tumor. Age at death therefore was compared with tumor t Y Pe.
Tissues for histologic examination were fixed in formalin and processed by standard techniques. Tumor imprints, marrow aspirates and blood were wet-fixed by spray fixative for Papanicolaou stain or air-dried for Wright's stain.
Nuclei were identified morphologically as one of three types based on their sequential appearance throughout the cell cycle [ 161. Postmitotic nuclei have a cribriform chromatin pattern; cells in active growth have a uniform pattern; and premitotic nuclei have a retiform pattern. Both benign (normochromic. well-differentiated) and malignant (hyperchromatic, poorly differentiated) forms of each chromatin pattern occur.
Results

Microscopic findings
Representative tumors are shown in fig. 1 and 2 for the dog, fig. 3 to 6 for the cat and fig. 7 and 8 for the cow. Lymphomas with diffuse architecture at low magnification constituted 227 of the 243 tumors examined from all species. Effacement of normal node architecture with bridging of the peripheral sinus was characteristic of the diffuse lymphomas. Diffuse lymphomas with many proliferating cells usually contained many large macrophages, which gave the tumor a moth-eaten or "starrysky" appearance at low magnification.
There were 16 lymphomas with a nodular architecture at low magnification. The nodules of lymphocytes were either darker or lighter than the surrounding internodular areas, and either widely separated or closely packed, but the nodularity always was the result of variation in density of lymphocytes of the same morphologic type rather than variation in lymphocyte type as in a normal germinal center (fig. I). Tumor nodules were either well defined or "fading." When nodules were closely packed and poorly defined, they sometimes could be delineated by artifactual cracks that developed between the nodules during processing.
Cytologically, 55 of the 243 lymphomas from all three species were composed of The chromatin patterns of malignant lymphocytes resembled those of normal cells. There was a cribriform pattern, with the smallest order of chromocenters (0.2 pm) joined by curved chromatin bands surrounding closely aggregated, lightly stained circular areas in a uniform geometric pattern believed to be characteristic of postmitotic cells [ 161. Interphase nuclei had a uniform chromatin pattern that was flat, structureless and without internal nuclear detail in benign cells, or larger and uniform or very finely netted in malignant cells. The fine network of the synthetic-phase nuclei gradually became coarser with the formation of branched chromatin bands forming retiform nuclei in premitotic cells. In general, malignant lymphocytes differed from their normal counterparts in having nuclei slightly larger in each morphologic type, and more hyperchromatic. The variability of chromatin distribution was an important characteristic of cancer in lymphoid tissue. Benign lymphocytes tended to have chromatin of similar appearance throughout the nuclei (mirror image), but malignant lymphocytes had an irregular chromatin distribution, often with large areas of parachromatin clearing ( fig. 6,8) . Superimposed upon the retiform pattern especially, there were dense irregular chromocenters from a fraction of a micrometer to more than a micrometer in size ( fig. 8 ), generally referred to as coarse or fine granular patterns. Large chromocenters occasionally were superimposed on a cribriform chromatin pattern ( fig. 3 ), but were not found in nuclei with a uniform chromatin pattern. Because the compact structureless uniform pattern usually was associated with inactive cells, it was the characteristic pattern of benign inactive lymphocytes. This pattern was not found in malignant lymphocytes except in small cells, where the chromatin pattern usually was compact and without internal nuclear detail. Because of the instability of the nucleoplasm in malignant lymphocytes, the chromocenters sometimes aggregated irregularly onto the nucleoli and nuclear membrane, resulting in irregularities in density and shape of both ( fig. 4, 6, 8 ). Retiform nuclei with marked variation in chromatin distribution and parachromatin clearing are difficult to evaluate for depth of stain, while malignant nuclei with more uniform chromatin distribution generally are hyperchromatic. The chromatin pattern tended to be similar in all anatomic and histologic areas.
Nucleoli varied in size, shape and number. Benign lymphocytes either had no discernible nucleoli or had one to two small nucleoli. In contrast, malignant lymphocytes had large nucleoli, which characteristically varied in shape and number among cells. They were visible in circulating lymphocytes ( fig. 3 ) and in histological sections ( fig. 6, 7) .
Cells wet-fixed by spraying or dipping the living cells in alcohol resemble cells in histologic preparations both in cytoplasmic volume and in chromatin distributions ( fig. 2, 3) . Irregularities of chromatin distribution are exaggerated by wet fixation with either formalin or alcohol.
Age at death and tumor type
Most dogs with lymphoma died at 6 to 7 years old. There was no apparent relationship between age and tumor type ( fig. 9 ). Most tumors (66) were diffuse in architecture; six were nodular (table I) . Seventy-one tumors were non-cleaved and one was cleaved. Nodular cleaved tumors were not found. The six dogs with nodular lymphoma died at a mean age of 4.5 years, and 66 with diffuse tumors died at a mean age of 7.0 years (p > 0.05). The one dog with cleaved cell lymphoma died at 7 years, and the mean age at death for 71 dogs with non-cleaved tumors was 5.8 years. Cytologically, 38 lymphomas were composed of small and medium lymphocytes. There was no relationship between cell size and age at death.
Most cats with lymphoma died at 2 to 3 years old. There was no apparent relationship between age and tumor type ( fig. 10 ). Most tumors (79) were diffuse; two were nodular ( . 11 ). There was no apparent relationship between cell size and age at death. Most cattle with lymphoma died at 1 year old or at 6 to 7 years old ( fig. 12 ). Cleaved-cell lymphomas predominated in the older group. Most tumors (82) were of small and medium lymphocytes and 23 of medium and large lymphocytes. Lymphomas composed of small non-cleaved lymphocytes appeared to be associated with a greater age at death (table 111) .
Metastasis and tumor type
The relationship between metastasis and histocytological type of tumor for the dog, cat and cow is given in fig. 13, 14 and 15 respectively. In all three species the diffuse non-cleaved type of tumor predominated in most sites with the exception of the abomasum in the cow, where the majority were the diffuse cleaved-cell type. In all three species there were more metastases with the nodular than the diffuse tumors (p > 0.05). The numbers of metastases related to cleaved and non-cleaved types of tumor were similar in all three species (p > 0.05).
Sex and tumor type
The sex distribution related to histologic type of tumor for the dog, cat and cow is given in tables I, I1 and 111 respectively. There is an even distribution of sexes in the dogs and cats (including neutered male and female cats), which would suggest that sex or castration has no influence on the tumor type. The bovine population is so heavily skewed toward female that females would be expected to predominate in all age and tumor categories. Most lymphomas in male cattle occur during the first year of life and are of the diffuse non-cleaved type. 
Breed incidence and tumor type
Discussion
The most important finding of this study was a significant correlation between tumor type and age of animals at death, as has been shown in man [ 13,201. This differs from previous studies in animals in which no correlation between cell type and disease progression was demonstrated [2, 25] . In contrast to other studies [2] , the predominant cell pattern was small, or mixed small and medium, rather than large cells. A few tumors had all three cell sizes.
It is of interest for comparative studies that the nodular tumors in animals, as in man, should have more metastases than the diffuse types [lo] . It is possible that, because nodular tumors have a slower rate of progression in their primary site, there is time for greater dissemination throughout the body. The number of nodular lymphomas diagnosed in man has increased steadily since their significance was reported in 1956 [20] . In our study, eight of 90 (1 1%) of the lymphomas in cattle were nodular, while another study of 11 13 bovine lymphomas found only five nodular tumors (0.45%, giant follicular lymphoma).
Faintly nodular lymphomas could be misdiagnosed as diffuse if not examined initially at low power. An important point in the recognition of nodular lymphomas is that the aggregations may appear lighter or darker than the surrounding interfollicular areas. Differentiation between follicular hyperplasia and nodular lymphoma is assisted by the fact that in lymphomas, the cell type is similar in the follicular and interfollicular areas. Only the cell density varies. An appreciation of the progression of changes in reactive nodes is extremely important to avoid overdiagnosing lymphoma [7] . Thus a node may be composed primarily of large cells with prominent nucleoli at about 10 days after antigenic stimulation, before a follicular arrangement is well developed.
Nodular tumors of small lymphocytes, either cleaved or non-cleaved, were not found in the dog, and only two were found in cats and one in cattle (table I, 11, 111) . Similarly, nodular undifferentiated or well-differentiated lymphomas are unusual in man [ 101. Nodularity seems to be of less prognostic value in man and animals than is nuclear cleavage.
In this report, the terms histiocytic lymphoma and reticulum-cell sarcoma have been avoided. In man, reticulum-cell sarcoma has been used as a synonym for undifferentiated lymphoma and histiocytic lymphoma [ 131. The advent of bonemarrow culture in man and animals shows that reticulum has no myeloproliferative potential; therefore the term reticulum-cell sarcoma used for undifferentiated lymphoma now has no meaning. There is a hierarchy of stem cells of which the most primitive progenitor is able to reconstitute all hemopoietic cells of both the lymphoid and the myeloid system [14] . The origin of hemopoietic cells from the marrow reticulum is therefore untenable in the light of present knowledge, and the term reticulum cell should be reserved for reference to stroma.
The lymphomas of small lymphocytes in man are regarded as a tissue manifestation of chronic lymphocytic leukemia [13] . Since tumors of small lymphocytes are common in the cat and cow, it is surprising that we do not see more cases of chronic lymphocytic leukemia in these animals.
The proportion of tumors with metastatic lesions in the liver, spleen and kidney was very high in dog, cat and cow ( fig. 13-15 ). This suggests that fine-needle aspirations of liver and spleen in suspected cases of lymphoma might aid in making a diagnosis. Since the tumors usually have a relatively diffuse involvement, especially of the liver [6] , an undirected fine-needle aspiration of this organ would give a much better chance of making a definitive diagnosis than would, for instance, the bone marrow.
The distinction between lymphoma and lymphocytic leukemia in animals has not been fully recognized. Only a small percentage of animal lymphoid tumors are leukemic, and these usually are terminal. Leukemia has been reported in 13 of 152 dogs with lymphoma, two of 30 cats, and less than 10% of 167 cattle [2] . One study carefully distinguished between lymphoma and lymphocytic leukemia in the cat [ 171; the terms leukemia and lymphoma, however, generally are used interchangeably in animals without regard to anatomic distribution of tumor. True lymphoid leukemia tends to be acute in animals less than a year old and chronic in older cats, with minimal disease and very high white cell counts. It is characterized by primary involvement of bone marrow followed by splenomegaly, lymphadenopathy and hepatomegaly. Most leukemic lymphoid tumors in animals are late manifestations of lymphoma and therefore should be termed lymphosarcoma cell leukemia, as in man [29] . In the cat, dog and cow ( fig. 13-15 ), the bone marrow was involved in fewer cases than liver, spleen, or kidney, which suggests that marrow involvement was a late manifestation in most of these cases.
This study suggests that the subgroups that occur in lymphomas in animals may be prognostically or immunologically distinct. The correlation of subtype of lymphoma and rate of tumor progression in animals could contribute to the use of spontaneous animal lymphomas for models of chemotherapy in man.
